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INTRODUCTION 


The  progress  made  from  September  1,  1984  to  August  31,  1985  can  be  divided  into 

the  following  categories. 

1.  Characterization  of  two  cDNA  clones,  pVVl  and  pVV9  by  Southern  hybridization. 

2.  Strategy  for  subcloning  pVVl  and  pVV9  DNA. 

3.  Progressive  shortening  of  the  pVVl  &  pVV9  DNA  after  BaI31  digestion  and  cloning 
into  E.coli  JM83, 

4.  Complete  DNA  sequence  analysis  of  the  subclones  of  pVVl  and  pVV9  generated  by 
Bal-31  and  the  verification  of  DNA  sequence  for  the  cDNA  clone,  pVV17  by 
sequencing  the  complementary  strand. 

5.  Analysis  of  the  DNA  sequences  of  pVV17,  pVVl  and  pVV9  for  the  presence  of  open 
reading  frame  DNAs  which  are  putative  regions  coding  for  the  dengue  viral 
antigens. 

6.  Amino  acid  sequences  of  the  dengue  viral  polypeptides  deduced  from  the  DNA 
sequence. 
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1 .  Characterization  of  cDNA  clones  by  Southern  hybridization. 


a.  Rationale 

During  the  period,  Sept.  1,  1983  -  Aug.  31,  1984,  we  obtained  eleven  cDNA 
clones  pVVl, 2, 4, 7, 8, 9,1 1,14,15,17  and  18  which  had  cDNA  inserts,  ranging  in  sizes  from 
0.95  kilobases  to  2.0  kilobases  (see  Fig.  7  of  Report  Number  Three).  Of  these  clones, 
only  nine  clones  had  cDNA  inserts  that  could  be  released  by  PstI  digestion.  In  the  clones 
pVV14  and  18,  one  of  the  PstI  sites  were  lost.  The  further  characterization  of  these  two 
clones  is  not  complete  and  therefore  is  not  reported  here.  However,  the  characterization 
of  the  other  nine  clones  were  carried  out  by  Southern  hybridization  (1975).  The  results 
are  described  in  the  following  section. 

b.  Experimental 

In  order  to  characterize  these  cDNA  clones  with  respect  to  the  overlapping 
regions  present  in  them,  several  Southern  hybridization  (see  Southern,  1975)  were  carried 
out.  In  these  experiments  plasmid  DNAs  were  prepared  from  these  nine  clones.  Each 
was  digested  with  two  different  combinations  of  restriction  enzymes,  BglD  +  PstI  and  Pst 
I  +  EcoRI,  except  with  cDNA  clones,  pVV7,  pVVl  and  pVV9.  pVV7  was  digested  only  with 
BglH  +  PstI,  pVVl  with  PstI  +  PvuII  and  pVV9  with  Kpnl  +  Pst  1.  (Fig.  lb).  In  Fig.  la, 
these  plasmid  DNAs  were  digested  with  only  PstI  as  a  control  to  release  the  cDNA 
inserts.  These  restriction  digests  were  electrophoresed  on  an  agarose  gel  (1%)  and  the 
DNA  fragments  were  transferred  to  a  Gene  Screen  Plus  membrane  filter  (NEN-DuPont). 
The  DNA  fragments  immobilized  on  the  membrane  filter  were  hybridized  with  the  probes 
prepared  from  the  cDNA  inserts  of  pVV17  (Fig.  2a),  pVV4  (Fig.  2b),  pVV7  (Fig.  2c)  and 
pVVll  (Fig.  2d)  by  nick  translation.  The  results,  summarized  in  Table  I  indicate  that  the 
cDNAs  from  the  plasmids  pVV2,4,7,8,l  1,15  hybridized  with  the  probe  from  pVV17  and 
therefore  share  common  sequences  with  pVV17.  In  contrast,  these  cDNAs  did  not 
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hybridize  with  pVVl  and  9.  In  order  to  examine  whether  pVVl  and  pVV9  shared  any 
sequences,  the  pVVl  plasmid  DNA  was  digested  with  either  PstI  alone  (lane  2,  Fig.  2e)  or 
PstI  +  PvuII  (lane  3,  Fig.  2e).  As  controls,  undigested  pVV17  DNA  and  PstI  digested  pVV9 
DNA  were  used.  These  DNAs  were  electrophoresed  on  an  agarose  gel,  transferred  to  a 
Gene  Screen  Membrane  filter  and  hybridized  with  the  cDNA  probe  from  pVV9  plasmid. 
The  results  shown  in  Fig.  2e  indicated  that  pVVl  and  pVV9  shared  common  sequences  and 
the  homologous  sequences  are  located  in  the  large  fragment  obtained  from  the  digestion 
of  pVVl  cDNA  insert  with  PvuII.  Further  hybridization  analysis  of  pVVl  and  pVV9  cDNAs 
subsequent  to  double  digestion  with  Kpnl  and  PstI  showed  that  pVV9  cDNA  is  located  5' 
to  pVVl  cDNA  and  that  these  two  cDNA  shared  approximately  450  base  pairs  (see  Fig.  3). 

Table  I 

Southern  hybridization  analysis  of  DEN-2  cDNA  clones 


Hybridization  signal  to  cDNA  clones 


Expt. 

Prone 

+ 

1 

17 

2,4, 7, 8*, 1 1 ,1 5,1 7 

1,9 

2 

11 

2,4,11,15,17 

1,9,7 

3 

4 

2,4,7,11,15,17 

1,9 

4 

7 

2,4,7,17 

1,9,11,15 

pvv8  was  not  tested  in  experiments  2-4. 


2.  Strategy  for  subcloning  pVVl  and  pVV9  cDNA. 

a.  Rationale. 

In  order  to  analyze  the  organization  of  a  viral  genome  and  localization  of  the 
gene  coding  for  viral  specific  structural  and  non-structural  proteins,  it  is  important  to 
determine  the  nucleotide  sequence  from  which  the  amino  acid  sequence  of  the  proteins 
can  be  deduced  (see  the  following  sections).  Several  strategies  for  rapid  sequencing  of 
long  DNA  fragments,  which  are  over  2000  bp  in  length,  have  become  available  recently 
using  either  the  phage  M13  system  (Barnes  and  Bevan,  1983)  or  the  plasmid  system  (Guo 
et.al.  1983).  The  latter  strategy  was  used  for  sequencing  pVV17  cDNA  clone  (see  Report 
Number  Three  for  details). 

The  same  strategy  was  used  for  sequencing  pVVl  and  pVV9  cDNA  clones.  In 
principle,  a  long  target  DNA  is  progressively  shortened  from  one  end,  by  digestion  with 
Bal-31  nuclease,  followed  by  cleaving  off  the  shortened  vector  DNA.  The  family  of  the 
shortened  target  DNA  molecule,  is  subsequently  cloned  between  the  PstI  site  and  Smal 
site,  within  the  polylinker  region  of  pL'CI3’-l  (Fig.  4).  DNA  fragments  cloned  into  this 
plasmid  are  sequenced  directly  by  the  chemical  method  of  Maxam  and  Gilbert  (1977).  A 
few  ambiguities  in  our  sequence  analysis  were  clarified  by  sequencing  the  compiementary 
strand  by  labeling  the  3'  or  5’  terminus. 

3.  Progressive  shortening  of  the  pVVl  6c  pVV9  DNA  after  Bal31  digestion  and  cloning 
into  E.coli  3M83. 

a.  Background 

Bal  31  nuclease  is  a  processive  exonuclease  which  is  capable  of  digesting 
double  stranded  DNA  to  give  rise  to  progressively  shortened  DNA  molecules.  The  extent 
of  digestion  is  controlled  by  varying  the  incubation  time.  The  termini  of  the  Bal  31 
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generated  molecules  are  not  exactly  blunt-ended  and  therefore  need  to  be  treated  with 
the  DNA  polymerase  (large  fragment)  from  E.coli  to  make  them  exactly  blunt-ended. 

b.  Experimental 

The  conditions  for  Bal31  nuclease  digestion  of  pVVl  and  pVV9  were  the  same 
as  described  in  the  Report  Number  Three  for  pVV17  clone.  The  only  differences  in  the 
protocol  are  the  omission  of  Sail  linkers  to  the  blunt-ended  termini  (Step  iv  on  page  18  of 
Annual  Report  // 3)  and  the  use  of  Pstl-Smal  site  of  the  vector  for  cloning  (step  vi  on  page 
19  of  Annual  Report  // 3).  Several  transformants  were  screended  and  the  mini¬ 
preparation  of  plasmid  DNA  was  carried  out.  The  size  of  the  shortened  target  DNA  was 
determined  after  digestion  with  two  restriction  enzymes  (Pstl  +  BamHI)  and 
electrophoresed  with  appropriate  size  markers  on  an  agarose  gel  (1%).  Fig.  5  shows  a 
stepwise  ladder  formation  of  shortened  DNAs  which  were  obtained  from  various  subclons 
of  pVV9  cDNA.  Similar  protocol  was  used  for  pVVl  DNA.  The  subclones  of  pVVl  and  9 
were  used  for  DNA  sequence  analysis. 

** •  Complete  DNA  sequence  analysis  of  the  subclones  of  pVVl  and  pVV9  generated  by 
Bal-31  and  the  verification  of  DNA  sequence  for  the  cDNA  clone,  pVV17  by 
sequencing  the  complementary  strand. 

a.  Background 

The  shortened  inserts  in  these  subclones  are  such  that  the  difference  in  cDNA 
insert  size  between  any  two  of  them  is  approximately  200-2.50  nucleotides  (Fig.  5).  The 
rationale  for  choosing  such  a  progression  of  shortened  cDNA  is  that  if  the  DNA  sequence 
analysis  is  carried  out  from  a  fixed  site  of  these  cDNA  clones,  and  if  we  are  able  to 
obtain  sequence  of  250-300  nucleotides  per  sequencing  gel,  then  each  block  of  sequence 
data  is  expected  to  overlap  with  the  next  one  (from  a  shortened  cDNA)  by  about  50 
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nucleotides.  This  strategy  will  enable  us  to  obtain  the  complete  sequence  of  a  cDNA,  2 
kb  in  length,  very  rapidly  by  sequencing  the  subset  of  shortened  cDNA  clones  from  the 
fixed  site  of  the  plasmid.  We  used  the  chemical  method  of  Maxam  and  Gilbert  (1977)  for 
sequence  analysis. 

b.  Experimental 

The  plasmid  DNA  (20 y  g)  from  the  parent  clone  (pVVl  or  pVV9)  or  subclone  of 
either  parent  clone  was  digested  with  BamHl  (25  units)  at  37°C  for  60  min.  The  reaction 
mixture  was  then  treated  accordingly  depending  on  whether  the  DNA  was  to  be  labeled 
at  the  3'  end  or  the  5'  end.  The  end  labeling  methods  of  DNA  are  described  in  detail  by 
Maniatis  et.  al.  (1982)  and  were  followed.  After  labeling,  the  DNA  was  digested  with  the 
appropriate  restriction  enzyme  (Pstl  or  Hi nd 111),  and  the  resultant  fragments  were 
separated  by  low  melting  point  (LMP-)  agarose  gel  electrophoresis.  The  labeled 
fragement  of  interest  was  recovered  from  the  gel  by  phenol  extraction.  The  purified 
fragment  was  used  for  sequence  analysis. 

The  complete  nucleotide  sequence  of  the  DEN-2  cDNA  clone  pVVl  and  pVV9 
which  overlapped  by  470  bp  is  given  in  Fig.  6a.  In  Fig.  6b,  the  complete  sequence  of 
pVV17  clone  of  DEN-2  RNA  is  given.  This  sequence  is  essentially  the  same  as  that 
reported  in  Annual  Progress  Report  (// 3)  except  that  a  few  ambiquities  which  existed  in 
the  previous  sequence  have  been  corrected  by  sequencing  the  complementary  strand  of 
selected  subclones  of  pVV17  cDNA. 
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>.  Analysis  of  the  DNA  sequences  ot  pVV17,  pVVl  and  pVV9  for  the  presence  of  open 
reading  frame  DNj.j  which  are  putative  regions  coding  for  the  dengue  viral 
antigens. 

a.  background  and  Results 

Once  the  primary  sequences  of  a  DNA  segment  has  been  determined,  it  is 
important  to  locate  the  protein  coding  region(s)  within  that  segment  in  order  to 
genetically  engineer  that  segment  for  expression.  The  characteristic  feature  of  a  protein 
coding  region  within  DNA  segment  is  the  presence  of  an  open  reading  frame  (ORF)  with 
the  occurrence  of  the  initiation  codon  ATG  at  the  beginning  of  the  ORF  and  a 
termination  codon  at  the  end  of  the  ORF.  The  distance  between  these  two  codons 
depends  on  the  si/e  of  die  protein  encoded  by  this  region.  There  are  computer  programs 
available  (we  have  one  set  of  such  programs  from  International  Biotechnologies,  Inc., 
Connecticut'  to  -m  the  primary  sequence  of  a  DNA  segment  to  iocate  protein  coding 
regions,  due  D\  \  im-es  of  both  strands  of  pVV91  (the  composite  sequence  of  pVV9 
and  pVY  :  !•  me .  r~  ’  . A  \  1  7  were  scanned  in  the  5* — 3*  orientation  in  all  possible  (six) 
reading  fr  i  -  ••  •  i  ORFs.  Ys  shown  in  Fig.  7,  the  third  reading  frame  of  pVV91 

trul  pV\  i  -»•  .  ■  •  time.;  m  open  reading  frame  which  spanned  the  entire  length  of 

the  sequeni  it  ig  fhrt  this  is  the  reading  frame  which  is  most  likely  used  for 

translation  .;it>>  :>FN-d  viral  proteins  and  that  the  polarity  of  the  DNA  sequence  in  5'  -3' 
is  same  as  that  of  DEN-2  RNA  genome. 

All  the  other  five  reading  frames  contained  many  termination  codons  and  are 
therefore,  not  involved  in  translation.  Presence  of  long  ORF  in  all  the  three  cDNA 
clones  of  DEN-2  RNA  tend  to  support  the  notion  that  DEN-2  vuus  similar  to  yellow  fever 
virus  genome  in  having  a  single  long  ORF  coding  for  a  polyprotein  precursor  (Rice  et  al. 

)  UV  SI 
*  /  -7/  • 
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Amino  acid  sequences  of  the  dengue  viral  polypeptides  deduced  from  the  DNA 


sequence. 

a.  Background  and  Results 

The  translation  of  the  DNA  sequence  of  DEN-2  cDNA  clones,  pVV91 
(composite  sequence)  and  pVV17  into  the  putative  precursor  polypeptide  sequences  of 
Dengue  viral  antigens  using  a  computer  program  is  shown  under  the  DNA  sequences  in 
Fig.  6a  and  6b.  These  are  885  and  693  amino  acids  in  length,  respectively. 


LEGEND  TO  FIGURES 


Figure  I  Restriction  enzyme  analysis  of  cDNA  clones  of  DEN-2  RNA. 

a.  The  plasmid  DNAs  including  the  control  vector  (lane  11)  was  digested  with 
only  Pst l.  The  plasmid  DNAs  that  were  used  for  this  experiment  were:  pUC 
1 3'- 1  (lane  11),  pVVl  (lane  10),  pVV2  (lane  9),  pVV4  (lane  8),  p VV7  (lane  7), 
pWS  (lane  6),  pVV9  (lane  5),  pVVll  (lane  4),  pVV15  (lane  3)  and  pVV17  (lane 
2). 

b.  The  plasmids  containing  the  cDNA  inserts  of  DEN-2  RNA  were  prepared 
and  digested  with  a  combination  of  two  enzymes,  Bglll  +  PstI  (lanes  2, 4, 6, 7, 
9,12),  PstI  +  EcoRI  (lanes  3,5,8,  and  13),  PstI  +  PvuII  (lane  10)  or  PstI  +  Kpnl 
(lane  11),  The  plasmid  DNA  used  are:  pVV2  (lanes  2  and  3),  pVV4  (lanes  4 
and  5),  pVV7  (lane  6),  pVV15  (lanes  7  and  8),  pVVll  (lanes  9),  pVVl  (lane  10), 
pVV9  (lane  11)  and  pVVl7  (lanes  12  and  13).  DNA  digested  with  either 
Hind  111  alone  (Fig.  la,  lane  12)  or  with  a  mixture  of  EcoRI  +  Hind  III  (Fig. 
la  6c  lb,  lane  1)  were  used  as  DNA  size  markers.  The  digests  were 
electrophoresed  on  an  agarose  gel  (1%),  stained  with  ethidium  bromide  and 
photographed. 

Figure  2  Southern  hybridization  analysis  of  cDNA  clones  from  DEN-2  RNA. 

The  restriction  digests  from  Fig.  I  were  electrophoresed  and  transferred  to 
Gene  Screen  Plus  Membrane  Filter  (NEN-DuPont).  The  DNAs  immobilized  onto  the  filter 
were  then  hybridized  to  the  probes,  prepared  by  nick-translation  of  cDNA  inserts  from 
the  clones  pVV17  (Fig.  2a),  pVV4  (Fig.  2b),  pVV7  (Fig.  2d)  and  pVVll  (Fig.  2c).  The  bands 
that  hybridized  were  visualized  by  autoradiography.  Fig.  2a#  lane  l,*HindIII  +  EcoRI; 
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lane  2,  p UC 1 3'- 1 ;  lanes  3-11,  pvvl,2,4,7,8,9,l  1,15  and  17,  respectively.  The  numbered 
lares  in  Fig.  2  b-d  corresponds  to  Fig.  lb.  Fig.  2e.  Southern  hybridization  of  pVVl  and 
pVV9  DNAs  to  localize  homologous  sequences.  pVVl  DNA  was  digested  with  either  PstI 
alone  (lane  2)  or  PstI  +  Pvull  (lane  3).  Lane  1  contained  DNA  from  pVV17  (undigested); 
lane  4  contained  a  PstI  digest  of  pVV9  DNA.  The  DNAs  were  electrophoresed  on  an 
agarose  gel  (1%),  transferred  to  a  Gene  Screen  membrane  filter  and  hybridized  with  the 
nick -translated  probe  of  pVV9-cDNA  insert.  The  bands  were  detected  by 
autoradiography. 

Figure  3  Mapping  of  DEN-2  cDNA  clones  by  restriction  enzyme  analysis  and 

Southern  hybridization. 

The  results  from  Fig,  1  and  Fig.  2  is  summarized  in  this  graphic  plot.  The 
numbers  refer  to  the  number  assigned  to  cDNA  clones.  The  overlapping  region  between 
pVVl  and  pVV9  is  about  450  bp.  E  -  EcoRI;  S  =  Stu  I;  B  =  Bgl  II;  K  =  Kpn  I. 

Figure  4  Strategy  for  kilo-base  sequencing  of  the  target  DNA.  The  strategy  is  the 
same  as  described  by  Guo  et  al.  (1983). 

Figure  5  Size  analysis  of  pVV9  cDNA  subclones  by  agarose  gel  electrophoresis. 

pVV9  DNA  (210  ug)  was  linearized  by  digesting  with  EcoRI.  It  was  then 
digested  with  Ba!31  nuclease  (1.5  units)  in  a  total  volume  of  482  ul  under  conditions 
described  by  Guo  et  al.  (1983).  Aliquots  were  taken  at  various  time  intervals  and  were 
analyzed  by  electrophoresis  on  an  agarose  gel.  Progressively  shortened  DNA  molecules 
were  cloned  between  PstI  and  Smal  sites  of  PUC13'-1  vector  and  were  used  for 
transformation  of  E.coli  JM83.  Transformants  were  screened  for  the  size  of  the  cDNA 
inserts  by  double  digestion  with  restriction  enzymes,  Bam  HI  +  Pst  I.  Lanes  1-5 
contained  DNA  from  subclones  derived  by  Bal  31  digestion  of  pVV9  DNA  for  2'  (lane  1),  6' 
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(lanes  2  and  3)  and  8'  (lanes  4  and  5).  Lanes  6  and  7  contained  DNA  molecular  weight 
markers.  Lanes  8-14  contained  DNA  clones  derived  from  Bai  31  digested  pVV9  DNA  for 
6'  (lanes  8-10  and  14)  8'  (lanes  11  and  12)  and  10'  (lane  13). 

Figure  6  DNA  sequence  of  DEN-2  cDNA  clones. 

a.  The  cDNA  clones  pVVl  and  9  were  completely  sequenced.  We  found  that 
these  two  clones  overlapped  by  470  bp  as  expected  from  the  hybridization 
results.  The  composite  sequence  of  these  two  clones  (call  "pVV91"  in  the 
text)  is  shown. 

b.  The  sequence  of  pVV17  clone  is  shown.  This  sequence  was  derived  by 
sequencing  about  75%  of  the  complementary  strand  of  pVV17  clone,  the 
sequence  of  which  was  originally  reported  in  Report  Number  Three.  A  few 
errors  in  the  previous  sequence  were  corrected. 

Figure  7  Graphic  analysis  of  open  reading  frame  DNA. 

The  primary  nucleotide  sequence  as  shown  in  Fig.  6a  4c  b  and  their 
complements  were  translated  using  computer  prograin  in  all  possible  reading  frames. 
The  location  of  the  stop  codons  are  indicated  by  vertical  lines. 
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Fig. la 
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Fig. 2b 


1  2  3  4  5  •  7  6  •  10  11  12  13 


Fig.2c 

1  2  3  4  5  6  76610  11  12  13 
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Fig. 2d 

1  2  345  67  8  910  11  12  13 
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target  DNA 


Fig. 5 


Fig. 6a 
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Fig. 6b 


■  *»  *  •  *  i  i  t 

MC  AK  1TA  KA  116  CIS  CAC  ACS  Id  IAA  KA  KT  HA  AM  ACS  TAC  All  Oil  Kl  CTC  *1  IM  CTI  CCS  MS  «t  CI6  AM  ACA  HI  H 

lllAAlAlAEAlttATRAAllflRttllll  9 

•  •  tit 

CTI  HA  CIA  KA  CII  CT6  ftl  ACA  HC  ACA  HA  HA  AIC  Til  It  A  TIC  Til  ATI  MC  HA  Ml  HI  AIA  HI  AM  All  MX  C1I  HA  All  IM 

LllllLAllTlllflflAIIISllll1l.il  Ai 

t  t  t  ttl  III 

!K  TK  ATA  AK  MS  Kl  Ml  All  CTC  CIA  IM  MC  KA  CAA  AIA  CM  CCA  CK  IH  AIA  KA  Kl  ICA  AIA  AIA  CU  IM  ITT  III  CIC  771 

CC1I1ASILLITAIIIFII1AAII  lltfFL  M 

ttl  ttt  lit 

ATA  HI  III  CTI  ATT  OA  IM  CCA  MA  AM  CM  AM  ACA  ttt  CAB  MT  MC  CM  III  «a  IK  HI  HC  AIA  Kt  AIC  CIC  KA  HA  HA  MA 

IVlLiritillllttllllllVVIAIlIVVIM 
til  ttl  tit 

KC  KA  IK  Ml  KA  IK  AM  AIA  Mine  CM  AM  AH  Ml  AM  AM  Ml  CTC  HA  Til  HA  MC  ATI  KA  KC  CM  CM  ca  IM  IK  AH 

A  •  f  •  t  I  (  I  ■  f  l  (  t  1  I  I  »  L  I  L  •  t  l  1  I  I  A  P  f  i  ISA 

•  t  l  •  t  t  lit 

AK  Alt  CTI  IK  MA  Ml  CIA  CM  CIC  KA  ICA  KA  IM  Kt  CM  IAT  Kl  AH  Kt  KA  ACA  111  ATC  AH  CCA  Ml  III  m  CK  IK  MA 

•  ItllllirAIAATLIAAAIIfAIAALIAIlM 

ill  tit  lit 

ATI  AM  MI  ICC  ICA  HI  AK  HA  KC  CIA  ACA  KT  Ml  KC  AK  CM  KC  ACA  ATI  T1A  AIA  HI  CIT  HI  AM  AM  1H  CCA  ITA  ICA  AS 

Ifltlfltll  lAIAMIAIVLBlLIKAIILITM 
III  lit  ttt 

AM  MA  AK  AIC  HA  HI  OC  Cl!  CTC  KC  ATT  HA  IK  IK  Ttt  CM  ATC  AK  CK  ATA  Kl  CK  ICA  KA  Kl  CI1  ITC  HA  CTI  HA  T9 

tlAlIVtlLAIACTBIViriTlTAAlfll'lM 
til  lit  lit 

KA  CA1  TAT  KX  ATC  ATA  Mi  CCA  «A  CK  CM  KA  AM  KA  ACE  MA  MA  KT  CM  AM  AM  KA  KA  HI  MC  Alt  AM  AM  AK  CCA  HI 

ARVAIIAAALIARATIIAAK  AAAAIIIIlfHA 

III  III  til 

KT  Ht  HI  AM  ATA  KA  HA  in  HC  HA  Ml  BA  MA  CS  IM  AM  CCA  AM  HI  MA  AM  OH  111  AM  CM  HA  MA  Clt  CTA  HC  Ml 

TVIAlTfllliri'TirifiKlLAIAAlLTM 

•  It  lit  ttt 

CTC  HC  HA  KT  CM  HA  TTA  MA  ATA  AM  KT  KA  HI  KT  CM  Ml  AM  Kl  III  Kt  HA  Kl  KC  HI  KT  Alt  TO  ICA  TTA  IM  Ml 

ICVTttLIIIIIIALCIAlTlATirilllini 

•  It  lit  ttt 

IM  MA  Ml  CCA  HI  Ml  ITT  IM  AK  KT  Kl  ATI  KA  HA  ICA  ATI  Kl  AK  AIT  HI  Ml  HI  Ml  IK  TTA  «  W  Kl  AM  CIT  IMA 

EBIRAtfAAI?  lATlIARlTlllTLAlAAllM 

III  lit  ttt 

CTtmiCCMtAllAMAKAClMCAKACIAMMRIMICTKAKMAAMAMiaCTlMMMAM1MAM«CMITA  III! 
LFIIAIfTIIIIAIIIIIAilLAtKAlIRLlM 

•  it  ill  tit 

AKKAnAMAAMMiaMntCMMCMCAMAMMlHAMCCMAMnAMIAMKtnAKAAMAMMCATIAMAM  IMA 
IALAIIifASTlKI|ll(V|lllAI(IIKI  AM 
t  9  •  til  III 

MlIMKAIKCAICKKIHAItACMMCICAKAAMCTIMATMnCHClMAMMIAIAHtACACCAIMAMAMHA  191 
l(fl*RARllllAflllFR(IIAWTPf|tR<9 

•  II  III  III 

HA  MC  CTC  HT  IK  MC  AM  MA  MC  IM  ICA  TK  TAT  TH  MA  MA  HA  AM  Ml  HA  AM  AM  Ht  AM  HC  nA  KA  AM  Ml  HA  I  AM 

R  »  L  A  C  •  I  A  •  A  I  T  !  C  |  I  L  I  I  R  A  (  V  I  A  L  I  I  I  A  AM 

•  ••  •••  ••• 

CCA  MA  CAT  AM  AM  QB  MC  Ca  ATA  ICA  KA  TAI  Ml  TH  Ml  CIA  HA  CAT  CTI  CM  AH  Ml  HI  AK  HI  ITC  TIC  KT  Kl  CCA  119 

f  I  A  C  (  T  I  T  »  I  T  I  I  I  I  l  T  I  l  I  I  I  T  I  T  f  F  1  »  T  M 

ill  •••  ill 

IM  AM  HI  HC  ACA  Tfl  TH  TAT  AK  ATA  MAIM  TCA  ICA  CCA  Ml  Ctt  K>  HA  MA  KA  MA  CM  Kt  CTC  AM  HC  CTI  AK  TTA  IBM 
EICIlLLClIlEttAHPITiAAIILRVLlLMI 
•  •I  ill  til 

HA  IM  Ml  IM  ni  AK  AK  AK  Att  CM  ITT  TK  MA  AM  HI  CTC  AK  OA  TK  AIA  ttt  TCA  HC  ATA  AM  AM  ATA  IM  KA  CTA  1711 
VEIILflllflfC  ItVtiFTIPIVJflAIAlSn 
ill  •••  lit 

CM  AM  AAA  TAT  MA  MA  KC  TTA  ATI  AH  Ml  CCA  CTT  ICA  CM  AK  Ttt  ACA  CAT  AM  ATA  TK  TH  HA  IQ  Ml  KC  Ttt  Ml  AK  IMA 

I  I  K  T  A  I  »  l  R  I  A  f  l  I  ■  I  I  1  A  E  A  T  A  R  I  I  A  t  A  I  AH 

III  lit  til 

ATA  HI  TCA  IM  ATI  IK  AIA  All  TCA  AM  All  HI  AIC  AK  AM  ITC  ACA  All  AM  CK  AM  AM  KC  Kl  IK  AM  OA  Ml  HA  AK  IMA 

I  VtIRRAI  CIAI  I  I  I  f  (  I  I  T  I  (  A  I  r  (  T  I  T  I  Ai 

III 

CIC  MA  MC  AM  Att  CK  MC  AIC  AM  AIT  AM  Kl  AM 

LllllAlIAIESE  f  MS 


20 


LITERATURE  CITED 


1.  Barnes,  ty.M.and  Bevan,  M.  (1983)  Nuc.  Acids  Res.  II,  349-368. 

2.  Guo,  L.-H.,  Yang,  R.C.A.  and  Wu,  R.  (1983)  Nuc.  Acids  Res.  5521-5540. 

3.  Vlaniatis,  T.,  Fritsch.  E.F.  and  Sambrook,  3.  (1982)  Molecular  cloning-a  laboratory 
manual,  Cold  Spring  Harbor  Laboratory  Press,  Cold  Spring  Harbor,  New  York. 

4.  Maxain,  A. VI.  and  Gilbert,  \V.  (1980)  Methods  in  enzymology  (Grossman,  L.  and 
Uoldave,  K.,  eds)  Academic  press,  New  York,  pp.  488-560. 

Rice,  C.M.,  Lenches,  E.M.,  Eddy,  S.R.,  Shin,  S.J.,  Sheets,  R.L.  and  Strauss,  3.H. 
(1985)  Science,  229,  726-7  3  3. 


5. 


Period 


Dr.  Radha  K.  Padtnanabhan 


Principal  Investigator 


Sept.  1,  1984  -  present 


